
US 20070014263A1 

(12) Patent Application Publication (10) Pub. No.: US 2007/0014263 A1 
(19) United States 

Ferrato et al. (43) Pub. Date: Jan. 18, 2007 

(54) METHOD FOR EVALUATING THE 
PERFORMANCES OF A MOBILE 
TELEPHONY NETWORK 

(76) Inventors: Marco Ferrato, Torino (IT); Daniele 
Franceschini, Torino (IT); Claudio 
Guerrini, Torino (IT); Michele 
Ludovico, Torino (IT); Enrico Zucca, 
Torino (IT) 

Correspondence Address: 
FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER 
LLP 
901 NEW YORK AVENUE, NW 
WASHINGTON, DC 20001-4413 (US) 

(21) App1.No.: 10/580,555 

(22) PCT Filed: Nov. 28, 2003 

(86) PCT No.: PCT/IT03/00787 

§ 371(c)(1), 
(2), (4) Date: May 26, 2006 

Publication Classi?cation 

(51) Int. Cl. 
H04B 7/216 (2006.01) 

(52) US. Cl. ............................................................ ..370/335 

(57) ABSTRACT 

A method of evaluating the performance of a mobile tele 
phone network having at least a ?rst and a second simulation 
of a ?rst and a second network con?guration, respectively, 
which are statistically independent of each other. Each 
simulation includes the following steps: specifying a total 
number of users to be simulated; determining a sequence of 
activation of user blocks included in this total number of 
users to be simulated and indicating a traf?c distribution; 
activating said user blocks in succession until the total 
number of users to be simulated is reached; and processing 
at least one radio resource management event relating to the 
tra?ic distribution associated with each currently activated 
user block. The simulations are repeated until a predeter 
mined accuracy threshold is reached for each simulated 
network value. 
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METHOD FOR EVALUATING THE 
PERFORMANCES OF A MOBILE TELEPHONY 

NETWORK 

[0001] The present invention relates in a general way to 
the ?eld of mobile telephony and particularly to a multi 
service mobile telephone network. More particularly, the 
present invention relates to a method for evaluating the 
performance of a second or third generation mobile tele 
phone network based, for example, on the CDMA standard, 
on the CDMA 2000 standard, on the W-CDMA standard or 
on the EDGE standard (evolution of the GSM/GPRS mobile 
telephone network). 

[0002] When planning a network, designers are required 
to predict the performance of the network on the basis of 
geographical, data, the network con?guration and the 
expected demand for service. Tools which simulate the 
operation of a network provide a practical method for 
planning the network. Network planning tools enable-de 
signers to simulate the operation of various network con 
?gurations, and to modify the network on the basis of 
statistical data obtained as a result of the simulation. 

[0003] The UMTS cellular network planning tools avail 
able at the present time are mostly based on simulations of 
the static type. 

[0004] Us. Pat. No. 6,111,857 describes a network plan 
ning tool in which the simulation is performed by using a set 
of databases containing terrain and population information 
associated with the market area over which the wireless 
network is con?gured. To perform the simulation, a com 
posite propagation loss matrix and a demand and service 
vector are generated using the terrain and population infor 
mation, as well as the con?guration of the wireless telecom 
munications network. When the composite propagation loss 
matrix and the demand and service vector have been gen 
erated, an analysis of the reverse link is performed. Subse 
quently, an analysis of the forward link is performed. During 
both the reverse and forward link analysis the multiple 
iterations of analysis are performed until a stable result is 
achieved. Upon completion of the reverse and forward link 
analysis, the results of the simulation are displayed in a 
graphical manner for examination. 

[0005] WO 03/003775 describes a wireless network plan 
ning tool which simulates wireless network operation, 
including subscriber admission processing, based on sophis 
ticated reverse and forward link analyses that include data 
fallback procedures. Subscribers are associated with an 
application type, where each application type preferably has 
maximum and minimum data rates and one or more fallback 

rates. During simulation, the tool may use the fallback when 
evaluating forward and reverse communication links 
between subscribers and their associated sectors (base sta 
tions). A subscriber unable to close a reverse link to a given 
sector at a given data rate may be re-evaluated at a lower rate 
under the “fallback” procedures. Forward link analysis 
incorporates similar fallback procedures in forward link call 
admission. 

[0006] Additionally, EP 1328131 A1 describes a method 
and a system for planning and/or evaluation of cell capacity 
in (CDMA) radio networks comprising at least one base 
station which de?nes at least one cell. The estimate of the 
cell capacity in the uplink and the estimation of the cell 
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capacity in the downlink are both carried out by adding an 
amount of traf?c (TBS l,1; TBS”) to the cell until a value 
representing the limit capacity (Lmin) is reached. 

[0007] However, the applicant has observed that the per 
formance of a mobile telephone network, for example a 
multi-service network, depends to a signi?cant degree on the 
radio resource management (RRM) procedures and/or algo 
rithms. This is because the radio resource management 
equipment included in the mobile telephone network require 
the use of a multiplicity of RRM procedures and/or algo 
rithms, including, for example, those for admission control, 
congestion control, handover control, the control functions 
used when a user is in out-of-service conditions (“outage 
control”), the dynamic negotiation of the radio resource 
allocation, and power control. Moreover, the RRM proce 
dures and/or algorithms may take into account, the various 
quality of service (QoS) requirements associated with the 
services. 

[0008] The applicant has also observed that another fun 
damental aspect of the evaluation of the performance of a 
mobile telephone network is the characteriZation of the 
tra?ic imposed on the network by the :various services 
involved. The tra?ic data are dif?cult to predict accurately, 
and are subject to extreme variability. In a process of 
planning and optimiZing a mobile telephone network, there 
fore, it is often necessary, to evaluate the sensitivity of the 
network performance as a function of the variability of the 
tra?ic, and consequently to perform numerous simulations 
of the network to evaluate the impact of different traf?c 
scenarios on the same network. 

[0009] It is also known that there is a relationship between 
the simulation time and the accuracy of the simulation 
results. For example, in the case of a certain performance 
parameter of the network, the accuracy with which the 
network simulator can estimate this parameter depends on 
the number of statistic samples collected, and consequently 
on the duration of the simulation itself. A planning and 
optimization process may require the performance of a very 
large number of network simulations. Each simulation may, 
in turn, require the analysis of scenarios comprising a large 
number of users and base stations. The minimiZation of the 
simulation time is therefore a necessary condition for an 
ef?cient planning and optimiZation process. 

[0010] On the other hand, there is a risk that such mini 
miZation may be carried out at the expense of the accuracy 
and reliability of the results of the simulations. 

[0011] Dynamic simulators are generally used to evaluate 
the effect and/or impact of the RRM procedures and/or 
algorithms on the network performance and on network 
planning. 

[0012] For example, WO 02/104055,in the name of the 
present applicant, describes a dynamic simulation system 
characterized by a modular structure based on interchange 
able objects which can be selectively activated, and which 
comprise a simulation engine and a plurality of modules 
representing the equipment and elements of the network to 
be simulated. This structure enables the system to simulate 
highly complex networks. 

[0013] However, the applicant has observed that the evalu 
ation of the performance of a large network requires very 
long simulation times. 



US 2007/0014263 A1 

[0014] Recently, another simulation method has been pro 
posed for evaluating the performance of a UMTS netWork 
on the basis of a short-term dynamic simulation (STD 
simulation) method, described for example in U. Tiirke, T. 
Winter, Ranjit Perera, E. Lamers, E. Meijerink, E. Fledderus 
and A. Serrador, “Comparison of different simulation 
approaches for cell performance evaluation”, Deliverable 
D2.2, IST project MOMENTUM, Oct. 13, 2002. 

[0015] Short-term dynamic simulations (STD simula 
tions) can be used to investigate the impact of mobility and 
the presence of different service con?gurations and to check 
that the quality of service (QoS) requirements are met. These 
simulations provide a larger amount of data on the behaviour 
of the system by comparison With simulations of the purely 
static type, since they take into consideration important 
dynamic effects such as the time-dependency requirements 
of the bit rate of the uplink and doWnlink, the increase and 
decrease of performance associated With “non real-time” 
data tra?ic, and the mobility of users. 

[0016] The applicant has tackled the problem of providing 
a method of evaluating the performance of a mobile tele 
phone netWork Which can be used to simulate, With 
adequate, accuracy and reliability, the radio resource man 
agement procedures and/or algorithms, While minimiZing 
the time required for the simulation. 

[0017] The applicant has also tackled the problem of 
providing a method of evaluating the performance of a 
mobile telephone netWork Which can simulate a plurality of 
traf?c scenarios in a single simulation, While providing 
adequate monitoring of the accuracy and reliability of the 
results. 

[0018] The applicant has observed that the above problem 
can be resolved by a method of evaluating the performance 
of a mobile telephone netWork, comprising at least a ?rst and 
a second simulation of a ?rst and a second netWork con 
?guration respectively, the simulations being statistically 
independent of each other (in other Words, neither of the tWo 
netWork con?gurations is obtained from the other by evo 
lution over time). Each simulation comprises the folloWing 
steps: specifying a total number of users to be simulated, 
NUETOT(s) ; determining a sequence of activation of user 
blocks NUESTEP(s), included in this, total number of users to 
be simulated NUETOT(s) and indicating a traf?c distribution; 
activating these user blocks in succession until the total 
number of users to be simulated, NUETOT(s), is reached; and 
processing at least one radio resource management event 
relating to the traf?c distribution associated With each cur 
rently activated user block. The simulations are repeated 
until a predetermined threshold of accuracy is reached for 
each siZe of netWork simulated. 

[0019] More speci?cally, a method of evaluating the per 
formance of, a mobile telephone netWork comprises the 
steps of: 

[0020] simulating a ?rst con?guration of said mobile 
telephone network; 

[0021] simulating a second con?guration of said mobile 
telephone netWork; 

[0022] said ?rst and second con?gurations of said mobile 
telephone netWork being statistically independent of each 
other; 

Jan. 18, 2007 

[0023] each of said simulation steps comprising the steps 
of: 

[0024] specifying a total number of users to be simulated, 
NUETOT(S); 
[0025] determining a sequence of activation of user blocks 
included in this total number of users to be simulated; 

[0026] activating these user blocks in succession until said 
total number of users to be simulated is reached, each user 
block indicating a traf?c distribution; and 

[0027] processing at least one radio resource management 
event relating to the traf?c distribution associated With each 
currently activated user block, 

[0028] Another aspect of the present invention relates to 
equipment for simulating at least a ?rst and a second 
con?guration of a mobile telephone netWork, said ?rst and 
second con?gurations of said mobile telephone netWork 
being statistically independent of each other, and each 
comprising a total number of users to be simulated, said 
simulation equipment including: 

[0029] at least one object representing a netWork control 
ler belonging to said mobile telephone netWork; said at least 
one object comprising: 

[0030] ?rst modules for determining a sequence of 
activation of user blocks included in said total number 
of users to be simulated; 

[0031] second modules for activating said user blocks in 
succession until said total number of users to be simu 
lated is reached, each user block indicating a traf?c 
distribution; and 

[0032] third modules for processing at least one radio 
resource management event relating to the traf?c dis 
tribution associated With each activated user block. 

[0033] A further aspect of the present invention relates to 
a softWare product Which can be loaded into the memory of 
at least one electronic computer and Which comprises por 
tions of softWare code for implementing the procedure 
according to the invention When the product is executed on 
a computer: in this context, this Wording is to be considered 
Wholly equivalent to the mention of a computer-readable, 
means comprising instructions for controlling a computer 
netWork in order to implement a procedure according to the 
invention. The reference to “at least one electronic com 
puter” is clearly intended to point out the possibility of 
implementing the solution according to the invention in a 
decentraliZed environment. 

[0034] Further preferred aspects of the present invention 
are described in the dependent claims and in the present 
description. 

[0035] The characteristics and advantages of the present 
invention Will be made clear, by the folloWing description of 
one embodiment, provided by Way of example and Without 
restrictive intent, With reference to the attached draWings, in 
Which: 

[0036] FIG. 1 shoWs a client-server architecture for the 
operation of the method of evaluating the performance of a 
mobile telephone netWork, for example a multi-service 
netWork, according to the invention; 
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[0037] FIG. 2 shows simulation objects used in the evalu 
ation method according to the invention; 

[0038] FIGS. 3 and 4 show data structures used in the, 
evaluation method according to the invention; and 

[0039] FIGS. 5 and 6 show ?ow diagrams relating to the 
evaluation method according to the invention. 

[0040] With reference to FIG. 1, the method for evaluating 
the performance of a mobile telephone network according to 
the invention can operate by means of a client-server archi 
tecture 1, of a known type, described below. By way of 
example and without restrictive intent, the multi-service 
mobile telephone network to which reference will be made 
in the rest of the present description is a third generation 
multi-service-network with radio access of the WCDMA 
type, compatible with the UMTS standard. However, the 
evaluation method according to the invention is also appli 
cable to second or third generation networks based, for 
example, on the CDMA 2000 standard or on the EDGE 
standard (evolution of the GSM/GPRS network). 

[0041] Also with reference to FIG. 1, the client-server 
architecture 1 comprises: a client computer 2, for example a 
personal computer, in which a graphic interface program 3 
of a known type is installed; a server computer 4, for 
example a Work Station, in which is installed a simulator 5 
of the static type, for evaluating the performance of the 
multi-service mobile telephone network to be examined. 

[0042] Speci?cally, the simulator receives at its input: 

[0043] a con?guration ?le. 6 comprising a set of network 
con?guration parameters, listed below in the present, 
description, which describe the characteristics of the multi 
service mobile telephone network. The network con?gura 
tion parameters are de?ned by the mobile telephone opera 
tor, using the graphic interface program 3; 

[0044] a structured set of terrain data, listed below in the 
present description, and retrieved from a terrain database 7; 

[0045] a set of statistical data, listed below in the present 
description, which describe the performance of the multi 
service mobile telephone network. These statistical data are 
then stored, in a structured way, in a database of the 
simulation data 8, and are subsequently sent to the graphic 
interface program 3 which displays them. 

[0046] As shown in FIG. 1, the client computer 2 and the 
server computer 4 are interconnected by a data network 9, of 
a known type, based for example on a TCP/IP protocol. 
Alternatively, the client computer 2 and the server computer 
4 can be combined in a single computer. 

[0047] The network con?guration parameters included in 
the con?guration ?le 6 can include, for example, 

[0048] the number of cells making up the multi-service 
mobile telephone network; 

[0049] 
[0050] the numbers of transceiver stations (nodes B 
according to the UMTS standard) present in the network; 

the geographical positions of said cells; 

[0051] the identi?cation of the cells associated with each 
node B; 

[0052] the characteristics of each node B, such as the 
antenna gain, the radiation pattern, the direction of maxi 
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mum radiation (de?ned in terms of aZimuth and tilt), the 
noise ?gure of the receiver, the antenna connection losses 
and the transmission powers of the common channels; 

[0053] the characteristics of the mobile terminals to be 
simulated, such as the noise ?gure of the receiver incorpo 
rated in each mobile terminal, the gain and losses associated 
with the terminal antenna, the maximum transmission power 
available for the uplink, and the power dynamics of the 
mobile terminal; 

[0054] the characteristics of the various services supported 
by the network, such as the class of service (which indicates 
in a summary way the quality requirements associated with 
the service); the set of transport formats associated with the 
service; the set of activity factors which describe in statis 
tical terms the behavior of the mobile terminal using the 
service; 
[0055] the control parameters for the radio resource man 
agement procedures and/or algorithms (RRM algorithms), 
comprising, for example, the thresholds of macrodiversity, 
in other words the capacity for maintaining the current call 
between a mobile terminal and the mobile telephone net 
work via more than one transceiver station; the admission 
control thresholds, in other words the thresholds beyond 
which a mobile terminal requiring a given service cannot be 
admitted into the network; and the congestion control 
thresholds, in other words the thresholds beyond which 
conditions of “overload” occur, these being conditions in 
which the network is not capable of meeting the require 
ments of the connected mobile terminals while maintaining 
the quality requirements associated with the various ser 
vices. 

[0056] It should be made clear that the time variable is not 
taken into account in the static simulations, but the by taking 
a snapshot. By conducting a plurality of analyses (taking a 
plurality of “snapshots”) of the network in different situa 
tions, it is possible to obtain a global evaluation of the 
network. Consequently, the static simulation according to 
the invention does not generally include radio resource 
management parameters which represent “times” (where 
time is considered to be an independent variable), for 
example the radio protocol timers and the temporal hyster 
es1s. 

[0057] Furthermore, the terrain data stored in the terrain 
database 7 and associated with the area over which the 
multi-service mobile telephone network is con?gured can 
comprise, for example, 
[0058] a tra?ic matrix of a known type, whose elements 
indicate the expected tra?ic for each terrain element (pixel) 
making up a single cell, and for each service supplied by the 
multi-service mobile telephone network, de?ned for 
example on the basis of one of the approaches described in 
WO/35872; 
[0059] an altitude matrix, of a known type, whose ele 
ments indicate the mean attitude above sea level of each 

terrain element; 

[0060] a morphology matrix of a known type, whose 
elements indicate the morphology of each terrain element; 
and 

[0061] a building matrix of a known type, whose elements 
indicate the percentage of building present in each terrain 
element. 
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[0062] Additionally, the statistical data obtained at the 
output of the simulator 5 and stored in the database of the 
simulation data 8 can comprise, for example, 

[0063] the total received Wideband poWer for each cell, 
de?ned for example according to the 3GPP 25.115 speci? 
cation; 

[0064] a noise factor (NR) associated With each cell and 
de?ned by the following knoWn expression: 

Where RTWP denotes the total poWer received over the 
uplink by the cell; NF denotes the noise ?gure at the receiver 
of the cell; W is the bandWidth of the WCDMA relative to 
the cell, and kT is the poWer spectral density of the thermal 
noise; 

[0065] the load factor for the uplink associated With each 
cell and calculated according to the folloWing knoWn 
expression: 

[0066] the estimated noise factor found for the uplink from 
the number of links associated With each cell, calculated on 
the basis of the folloWing knoWn expression: 

Where N(s) denotes the number of active links associated 
With the cell for the service s, NServ denotes the number of 
services and XUL(s) denotes the load associated With the 
individual link, estimated for the uplink, for example, by 
means of the expressions published in Holma, Toskala, 
“WCDMA for UMTS”, Wiley,. 2001; 

[0067] the total poWer transmitted by each cell, de?ned for 
example according to the 3GPP 25.115 speci?cation; 

[0068] the poWer transmitted by each cell in each traf?c 
channel, de?ned for example according to the 3GPP 25.115 
speci?cation; 

[0069] the percentage of mobile terminals out of service 
for each terrain element; 

[0070] the total number of “spreading” codes required for 
each cell, calculated, for example, by considering the value 
of the “spreading factor” parameter Which characterizes 
each transport format, according to the orthogonal variable 
spreading factor (OVSF) method described in the 3GPP 
25.213 speci?cation; 

[0071] the estimated load factor found for the doWnlink 
from the number of links associated With each cell, calcu 
lated on the basis of the folloWing knoWn expression: 
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Nserv 

SII 

Where N(s) denotes the number of active links associated 
With the cell for the service s, NServ denotes the number of 
services and XDL(S) denotes the load associated With the 
individual link, estimated for the doWnlink, for example, by 
means of the expressions published in Holma, Toskala, 
“WCDMA for UMTS”, Wiley, 2001. 

[0072] With reference to FIG. 2, the simulator 5, devel 
oped for example in C++ programming language by means 
of a design platform of the UML (“Uni?ed Modelling 
Language) type, comprises, in What is knoWn as an object 
oriented approach: 

[0073] a simulation engine 10, comprising modules, 
described beloW, for managing and developing the simula 
tion; 

[0074] an object of the RNC_MC type, indicated by 
reference number 11, comprising modules, described more 
fully in the folloWing part of the present description, Which 
simulate the behaviour of a radio netWork controller. In a 
mobile telephone netWork, the netWork controllers manage 
the radio resources and control the radio transport; 

[0075] a plurality of objects of the UE_MC type, indicated 
by reference number 12, each comprising modules, 
described beloW, Which simulate the behaviour of a mobile 
terminal. Each UE_MC object is also associated With a 
reference service belonging to a service class selected, for 
example, from those listed in the 3GPP speci?cations and 
indicated by the terms “Conversational”, “Streaming”, 
“Interactive”, and “Best Effort”; 

[0076] a plurality of objects of the Node B_MC type, 
indicated by reference number 13, each comprising mod 
ules, described beloW, Which simulate the behavior of a 
transceiver station (node B) and of the UMTS cells associ 
ated With it. This is because each node B can supervise a 
variable number of UMTS cells, each of Which is associated 
With a transmitter and a receiver; 

[0077] an object of the PROP (“Propagation Module”) 
type, indicated by reference number 14 and described in 
detail in the folloWing part of the present description; 

[0078] an object of the RLM (“Radio Link Monitor”) type, 
indicated by reference number 15 and described in detail in 
the folloWing part of the present description. 

[0079] In the object-oriented approach, the elementary 
unit of analysis is not an operation (procedure) but an object, 
in the sense of an aggregation of variables, data structures 
and procedures, considered as a single entity in the context 
of the simulator. In the present case, the simulation objects 
are generally models of real entities (objects in the real 
World). 
[0080] In greater detail, the simulation engine 10 com 
prises the folloWing modules, not shoWn in FIG. 2: 

[0081] a ?rst module, implemented for example in a 
similar Way to the “Parameters manager” module described 
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in WO 02/104055, Which reads and interprets the network 
con?guration parameters contained in the con?guration ?le 
6 and makes this information available for the creation of the 
simulation objects in the initialiZation step of the simulation; 

[0082] a second module, implemented for example in a 
similar Way to the “Factory Manager” module described in 
WO 02/104055, Which optimiZes the memory allocation of 
the simulation objects; 

[0083] a third module acting as an event scheduler, imple 
mented for example in a similar Way to the “Event Sched 
uler” module described in W0 02/ 104055, Which establishes 
the sequence of execution of the simulation steps and, more 
particularly, the sequence in Which the radio resource man 
agement events are processed; at least one radio resource 
management procedure and/or algorithm being implemented 
in each radio resource management event; 

[0084] a fourth module, implemented for example in a 
similar Way to the “Statistic Manager” module described in 
WO 02/104055, Which manages modules for collecting and 
processing the simulation results. 

[0085] Additionally, the PROP object 14 comprises a 
module Which determines a set of attenuation values (one for 
each cell of the netWork under examination) for each terrain 
element included in the mobile telephone netWork under 
examination. The attenuation is calculated from the terrain 
data by combining a deterministic component and a statis 
tical component. The deterministic component can be cal 
culated, for example, by the knoWn method of Okumura 
Hata described in M. Hata, “Empirical Formula for Propa 
gation Loss in Land Mobile Radio Services”, IEEE Trans 
actions on Vehicular Technologies, 1980, While the statisti 
cal component can be calculated by using a pseudo-random 
number generator of a knoWn type, based for example on the 
method described in G. Marsaglia, K. Ananthanarayanan 
and N. Paul, Random Number Generator Packagei‘Super 
Duper’, School of Computer Science, McGill University, 
Montreal, Canada, 1973. In this case, the statistical compo 
nent is simulated as a random variable having lognormal 
distribution, as speci?ed in the document ETSI 30.03. 

[0086] The RLM object 15 comprises a module Which 
calculates the interference levels, and consequently the 
signal/noise ratios for each link. Speci?cally, a link is an 
association betWeen one of the receivers present in the 
mobile telephone netWork under examination and belonging 
to a UE_MC object 12 or a NodeB_MC object 13, and one 
of the transmitters, also belonging to a UE_MC object 12 or 
a NodeB_MC object 13. In particular, an “uplink” is a link 
betWeen a transmitter associated With a mobile terminal and 
a receiver associated With a cell belonging to a Node B While 
a “doWnlink” is a link betWeen a transmitter associated With 
a cell belonging to a Node B and a receiver associated With 
a mobile terminal. 

[0087] Additionally, the principle of macrodiversity, 
speci?ed by the UMTS standard, requires that, for an uplink, 
it should be possible to associate a single transmitter at the 
mobile terminal With a plurality of receivers belonging to 
different cells and possibly to different Nodes B. The prin 
ciple of macrodiversity also requires that, for a doWnlink, it 
should be possible to associate a receiver at the mobile 
terminal With a plurality of transmitters belonging to differ 
ent cells and, possibly, to different Nodes B. The transmitter 
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receiver associations are determined in the initial steps of the 
simulation by macrodiversity management algorithms, as 
stated in the 3GPP document 25.922. 

[0088] In detail, for each transmitter-receiver link, the 
RLM object 15 determines the useful signal Ci according to 
the folloWing knoWn expression: 

Where Pi denotes the poWer transmitted by the transmitter 
associated With the receiver in question, While Ai,i denotes 
the attenuation associated With the transmitter-receiver link 
and calculated from the PROP object 14 on the basis of the 
terrain element in Which the mobile terminal in question is 
located. 

[0089] The interference is calculated according to the 
folloWing knoWn expression: 

Where the summation is extended to all the transmitters 
except that associated With the receiver in question, these 
transmitters being called interferers. PJ- denotes the poWer of 
the single interferer, Aid- denotes the attenuation associated 
With the link betWeen the receiver i in question and the 
interferer j, and ACIRid- denotes the additional attenuation 
present in the case in Which the receiver i and the transmitter 
j operate at different frequencies. The additional attenuation 
ACIRi?- is calculated from the folloWing knoWn expression: 

Where ACSi and ACLRJ- denote, respectively, the “adjacent 
channel selectivity” parameter and the “adjacent channel 
loss ratio” parameter. These tWo parameters are de?ned 
according to the characteristics of the receiver i and the 

transmitter j as a function of the frequencies fi and associated With them, according to the de?nitions in the 

3GPP document 25.942. 

[0090] The signal/noise ratio associated With the link i is 
calculated by using the folloWing knoWn expression: 

Ci 

Where NF is the noise ?gure of the receiver of the cell, W is 
the bandWidth of the WCDMA channel for the cell, and kT 
is the poWer spectral density of the thermal noise. Addition 
ally, in the presence of macrodiversity, the calculation of the 
signal/noise ratio is modi?ed to alloW for the effect of signal 
recombination associated With the different links. In accor 
dance With the UMTS standard, this recombination is simu 
lated in different Ways for the uplink and the doWnlink. 
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[0091] In detail, in the case of the doWnlink, the following 
known expression is used to determine the total signal/noise 
ratio from the signal/noise ratios of the individual links: 

Where the summation is extended to the set of links in 
macrodiversity mode; 

[0092] In the case of the uplink, hoWever, it is necessary 
to distinguish betWeen the conditions of: 

[0093] softer handover: the mobile terminal is in macrodi 
versity mode and is located in an area of overlap betWeen 
cells associated With the same Node B. The recombination 
model is similar to that described for the doWnlink. 

[0094] soft handover: the mobile terminal is in macrodi 
versity mode and is located in an area of overlap betWeen 
cells associated With different Nodes B. The signals associ 
ated With the different links are recombined by the netWork 
controller (RNC) Which selects the link Which provides the 
best quality in terms of BLER (BLock Error Rate). In the 
simulation, the RLM object 15 calculates a signal/noise ratio 
for each of the links in macrodiversity mode, leaving the 
RNC_MC object 11 to carry out the recombination. 

[0095] Again With reference to FIG. 2, according to the 
invention, the UE_MC objects 12 comprise: 

[0096] a ?rst module UE_RRC_MC 16 Which simulates 
the functions of the RRC (“Radio Resource Control”) pro 
tocol level of the UMTS mobile telephone netWork and the 
subset of radio resource management functions to be pro 
vided by the mobile terminal (described more fully in the 
folloWing part of the present description); 

[0097] a second module UE_PHY 17 Which simulates the 
?rst protocol level or physical level of the mobile terminal, 
and comprises a plurality of objects of the transmitter type 
18 and receiver type 19, according to the UMTS standard. 

[0098] Speci?cally, the principal operations executed by 
the ?rst UE_RRC_MC module 16 can be summarized as 
folloWs: 

[0099] con?guration of the parameters associated With the 
?rst protocol level or physical level of the UMTS mobile 
telephone netWork according to the characteristics of the 
service associated With the mobile terminal 

[0100] interfacing With a ?rst module NodeB_RRC_MC 
20, incorporated in the NodeB_MC object 13 and described 
beloW, for implementing the poWer control procedures 
speci?ed by the UMTS standard; 

[0101] interfacing With the RNC_MC object 11 for imple 
menting the RRM procedures and/or algorithms associated 
With the various radio resource management events. 

[0102] According to the invention, the NodeB_MC 
objects 13 comprise: 

[0103] the ?rst module, NodeB_RRC_MC 20, Which 
simulates the functions of the RRC (“Radio Resource Con 
trol”) protocol level of the UMTS mobile telephone netWork 
and the subset of the radio resource management functions 
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to be provided by the Node B (described more fully in the 
folloWing part of the present description); 

[0104] a second module, NodeB_PHY 21, Which simu 
lates the physical level of the Node B and comprises a 
plurality of objects of the cell type 22. Each obj ect of the cell 
type 22 comprises a plurality of objects of the transmitter 
type 23 and receiver type 24, according to the UMTS 
standard. 

[0105] Speci?cally, the principal operations executed by 
the ?rst NodeB_RRC_MC module 20 can be summarized as 
folloWs: 

[0106] con?guration of the common channels (according 
to the UMTS standard) for the cells controlled by each Node 
B; 

[0107] interfacing With the ?rst module UE_RRC_MC 16 
for implementing the poWer control procedures speci?ed by 
the UMTS standard; 

[0108] interfacing With the RNC_MC object 11 for imple 
menting the RRM procedures and/or algorithms associated 
With the various radio resource management events. 

[0109] As shoWn in FIG. 3, according to the invention, the 
RNC_MC object 11 comprises data structures Which support 
the radio resource management operations. 

[0110] Speci?cally, the RNC_MC object 11 includes: 

[0111] a list of activatable mobile terminals 25, structured 
by service class and by service; 

[0112] a list of active mobile terminals 60, structured by 
service class and by service in a Way Which is entirely 
similar to that described for the list of mobile terminals to be 
activated 25; and therefore not shoWn in detail in FIG. 3; and 

[0113] a set 26 of lists of mobile terminals out of service, 
one for each cause of outage. 

[0114] 
[0115] As shoWn in FIG. 3, the list of mobile terminals to 
be activated 25 can, for example, comprise tWelve refer 
ences to UE_MC objects 12, indicated respectively as UE*1_ 
12, and can be structured in three service classes and four 
services; in particular, 

[0116] the references UE*l, UE*7, UE*l2 correspond to 
mobile terminals associated With a ?rst service, indicated by 
the reference number 3111, Which belongs for example to the 
“Conversational” service class, indicated by the reference 
number 31; 

[0117] the references UE*6, UE*2, UE*ll correspond to 
mobile terminals associated With a second service, indicated 
by the reference number 31b, Which belongs for example to 
the “Conversational” service class 31; 

[0118] the references UE*3, UE*4, UE*l0 correspond to 
mobile terminals associated With a service, indicated by the 
reference number 3211, Which belongs for example to the 
“Interactive” service class, indicated by the reference num 
ber 32; 

[0119] the references UE*9, UE*5, UE*8 correspond to 
mobile terminals associated With a service, indicated by the 
reference number 3311, Which belongs for example to the 
“Background” service class 33. 

a map of the system resources 30. 
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[0120] Again With reference to FIG. 3, the set 26 can 
comprise, for example, three lists of references to mobile 
terminals Which are out of service, indicated by the reference 
numbers 27, 28 and 29 respectively. Each of the lists of 
mobile terminals out of service 27, 28 and 29 is structured 
by service class and by service in a Wholly similar Way to 
that described for the list of mobile terminals to be activated 
25. 

[0121] In the example shoWn in FIG. 3, the lists ofmobile 
terminals out of service 27, 28 and 29 can be associated With 
three different causes of outage, indicated by A, B, and C 
respectively. In particular, the list of mobile terminals out of 
service 27 can correspond to cause A, the list of mobile 
terminals out of service 28 can correspond to cause B, and 
the list of mobile terminals out of service 29 can correspond 
to cause C. 

[0122] There may be multiple causes of outage. They are 
detected by the radio resource management procedures 
and/or algorithms. For example, a mobile terminal may be 
out of service because of lack of coverage, or because of the 
admission control procedures and/or algorithms, or the 
congestion control procedures and/or algorithms or the 
outage control procedures and/or algorithms. 

[0123] Additionally, the map of the system resources 30, 
according to the invention, comprises a plurality of struc 
tures, each corresponding to a node B of the netWork under 
examination. Each structure comprises a reference to a Node 
B and a list of objects of the Cell Context type, one for each 
cell controlled by the Node B. 

[0124] In particular, in the example shoWn in FIG. 3, the 
map of system resources 30 comprises three structures 
indicated by the reference numbers 30a, 30b and 300 respec 
tively and corresponding to three objects of the NodeB_MC 
type 13 respectively. In greater detail, the structure 30a 
comprises a reference 30al to the Node B 1 and a list of Cell 
Context objects 30a2 associated With the cells controlled by 
the Node B1; the structure 30b comprises a reference 30191 
to the Node B2 and a list of Cell Context objects 30b2 
associated With the cells controlled by the Node B2; the 
structure 300 comprises a reference 300, to the Node B2 and 
a list of Cell Context objects 30c2 associated With the cells 
controlled by the Node B3. 

[0125] FIG. 4 shoWs an example ofa list of Cell Context 
objects. 

[0126] As shoWn in FIG. 4, each list of Cell Context 
objects, for example the list 30a2 comprises a pointer 40 to 
the list and three Cell Context (41, 42, 43) corresponding to 
three cells controlled by a single Node B. 

[0127] Each Cell Context object, for example the Cell 
Context object 41, comprises: 

[0128] a cell identi?cation code 44 (Cell ID); 

[0129] frequency identi?ers 45 for the frequencies used by 
the cell for transmission (doWnlink) and reception (uplink); 

[0130] a list of references to mobile terminals 46, com 
prising mobile terminals Which are operating in macrodi 
versity mode With the cell. The list of references to mobile 
terminals 46 is structured by service class and by service, in 
a Way Wholly similar to that speci?ed for the list of mobile 
terminals to be activated 25; 
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[0131] a list of blocked links 47, comprising an indication 
of the links of the cell Which have been blocked and an 
indication of the cause of blocking for each blocked link; 

[0132] a ?rst set of parameters 48 relating to the radio 
resource management in the uplink. For example, the ?rst 
set of parameters 48 can comprise the folloWing knoWn 
parameters: the load threshold for the admission control 
(differentiated by service or by class of service if required); 
the load threshold for the admission control relating to 
mobile terminals in macrodiversity mode (differentiated by 
service or by class of service if required); the load threshold 
for the congestion control (differentiated by service or by 
class of service if required); the terminal poWer threshold for 
the outage control and the signal/noise ratio threshold for the 
outage control; 

[0133] a second set of parameters 49 relating to the radio 
resource management in the doWnlink. For example, this 
second set of parameters 49 can comprise the folloWing 
knoWn parameters: the load threshold for the admission 
control (differentiated by service or by class of service if 
required); the load threshold for the admission control 
relating to mobile terminals in macrodiversity mode (differ 
entiated by service or by class of service if required); the 
load threshold for the congestion control (differentiated by 
service or by class of service if required); the maximum 
number of codes that can be allocated; the poWer, threshold 
for the admission control, differentiated by service or by 
class of service if required; the poWer threshold for the 
admission control relating to mobile terminals in macrodi 
versity mode (differentiated by service or by class of service 
if required): and the poWer threshold for the congestion 
control (differentiated by service or by class of service if 
required); 

[0134] a third set of parameters 50 relating to the load 
indicators of the uplink. For example, the third set of 
parameters 50 can comprise the folloWing knoWn param 
eters: the uplink load, calculated from the number of links of 
the cell; the doWnlink load, calculated from the noise rise 
factor; 

[0135] a fourth set of parameters 51 relating to the load 
indicators of the doWnlink. For example, this fourth set of 
parameters 51 can comprise the folloWing knoWn param 
eters: the doWnlink load, calculated from the number of links 
of the cell; the total number of codes allocated; and the total 
poWer transmitted in the doWnlink. 

[0136] Additionally, FIG. 4 shoWs an example of a list of 
blocked links 47 relating to one cell With, for example, tWo 
blocked links corresponding to tWo separate mobile termi 
nals. 

[0137] In the example shoWn in FIG. 4, the list of blocked 
links 47 comprises a pointer 52, a ?rst object 53 comprising 
information on the ?rst blocked link and a second object 54 
Which comprises information on the second blocked link. 

[0138] Speci?cally, the ?rst object 53 comprises a refer 
ence 55 to a ?rst blocked mobile terminal and a code 56 
indicating the cause of blocking of the link, While the second 
object 54 comprises a reference 57 to a second blocked 
mobile terminal and a code 58 indicating the cause of 
blocking of the link. 
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[0139] It should be pointed out that possible causes of 
blocking of a link may be: 

[0140] poor reception quality of the pilot channel; 

[0141] poor reception quality of the synchronization chan 
nel; 

[0142] blocking by the admission control procedures 
based on the maximum number of links per cell; 

[0143] blocking by the admission control procedures 
based on the maximum load factor per cell in the uplink; 

[0144] blocking by the admission control procedures 
based on the maximum transmitted poWer per cell in the 

doWnlink; 

[0145] blocking by the admission control procedures 
based on the maximum number of codes allocated per cell 
in the doWnlink; 

[0146] blocking by the load control procedures based on 
the maximum load factor per cell in the uplink; 

[0147] blocking by the load control procedures based on 
the maximum poWer transmitted per cell in the doWnlink; 

[0148] outage blocking based on the control of the maxi 
mum available poWer associated With the mobile terminal; 

[0149] outage blocking based on the control of the mini 
mum signal/noise ratio in the uplink; 

[0150] outage blocking based on the control of the mini 
mum signal/noise ratio in the doWnlink. 

[0151] The method according to the invention Will noW be 
described With reference to the How diagram shoWn in FIG. 
5. In detail, the How diagram of FIG. 5 represents a 
simulation algorithm 100 Which operates according to the 
invention. 

[0152] It should be noted that the development of the 
simulation algorithm 100 depends on the simulation engine 
10 Which controls the sequences of simulation steps Which 
make up the algorithm. 

[0153] Additionally, during each simulation step, each 
simulation object participates in the determination of the 
development of the simulation by interacting directly With 
the other objects, by sending information elements called 
“messages”. 

[0154] Speci?cally, the message communication system is 
characterized in that the reception of the information by the 
target object takes place simultaneously With the sending by 
the source object. 

[0155] In detail, the simulation algorithm 100, according 
to the invention, comprises a step of initialization of the 
simulation 101 and one or more iterative steps of event 
based micro-simulation 102. 

[0156] In each step of event-based micro-simulation 102 a 
netWork con?guration is simulated, and all the netWork 
con?gurations simulated in the course of the simulation are 
statistically independent of each other. 

[0157] In the folloWing part of the present description and 
claims, the term “statistically independent” denotes that 
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neither of tWo netWork con?gurations simulated in tWo 
successive event-based micro-simulations is the temporal 
evolution of the other. 

[0158] Additionally, the analysis of one or more traf?c 
distributions is provided in each step of event-based micro 
simulation 102. Each step of event-based micro-simulation 
102 also comprises one or more iterative steps of processing 
radio resource management events. 

[0159] In particular, the radio resource management 
(RRM) comprises the set of procedures and/or algorithms 
for managing the radio resources. The RRM procedures 
comprise, for example, handover control, poWer control, 
admission control, congestion control, outage control, etc. 

[0160] More speci?cally, the handover procedure is nec 
essary for the management of the mobility of users When 
they move from the coverage area of one cell to another. 
PoWer control is required for minimizing the interference 
level on the radio interface and for ensuring the quality of 
the requested service. Admission control is required for 
verifying that the acceptance of a neW link does not cause a 
reduction in the planned coverage area for a single cell, or 
a reduction of the quality of existing links. Congestion 
control is required for detecting an overload condition and 
subsequently returning the netWork to the load value Which 
Was speci?ed When the netWork Was planned. 

[0161] For example, for a multi-service mobile telephone 
netWork based on the UMTS standard, the RRM procedures 
and/or algorithms, are implemented in the RRC (Radio 
Resource Control) netWork level of the radio access netWork 
(U TRAN: UMTS Radio Access Network). This level has the 
function of supervising and coordinating the functionality 
present in the other netWork levels (MAC: Medium Access 
Control, RLC: Radio Link Control, and the physical level), 
for correct and e?icient use of the channels made available 
by the physical level. 

[0162] In detail, the step of initialization of the simulation 
101 comprises the folloWing steps executed by the simula 
tion engine 10: 

[0163] 
[0164] creating the simulation objects on the basis of the 
netWork con?guration parameters read from the con?gura 
tion ?le 6. More speci?cally, the simulation engine 10 
generates the NodeB_MC objects 13, the RNC_MC objects 
11, the RLM objects 15, the PROP objects 14 and the 
UE_MC objects 12. These objects are divided into subsets 
corresponding to the different values of netWork con?gura 
tion parameters associated With them. 

[0165] In particular, different subsets can correspond, for 
example, to different services, or to different propagation 
conditions. For example, it is possible to simulate the 
presence in the netWork under examination of mobile ter 
minals requiring different services, and, for each service, to 
simulate the presence of mobile terminals located inside 
buildings, in other Words mobile terminals characterized by 
additional attenuation not speci?ed by the PROP object 14 
and due to the buildings themselves. 

reading the parameters in the con?guration ?le 6; 

[0166] The con?guration ?le 6 speci?es, for each service, 
the possible transport formats to be used and the character 
istic parameters of each transport format, for both the uplink 
and the doWnlink. 
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[0167] By Way of example and Without restrictive intent, 
We may cite the following characteristic parameters of the 
transport format relating to the uplink: 

[0168] 
[0169] 
[0170] the parameters determining the distribution of the 
transmitted poWer betWeen the physical data channel; Which 
carries the user information, and the physical transport 
channel; and 

[0171] the load estimate associated With each uplink used 
in the admission control step. 

the transmission bit rate; 

the target signal/noise ratio; 

[0172] The transport formats for the uplink are stored in a 
list in order of decreasing bit rate, associated With each 
UE_MC module 12 and de?ned in the con?guration ?le 6. 

[0173] By Way of example and Without restrictive intent, 
We may cite, the folloWing characteristic parameters of the 
transport format relating to the doWnlink: 

[0174] 
[0175] 
[0176] the spreading factor Which determines the number 
of codes allocated over the serving cells; 

[0177] the parameters determining the distribution of the 
transmitted poWer betWeen the physical data channel, Which 
carries the user information, and the physical transport 
channel; and 

[0178] the poWer estimate associated With each doWnlink 
used in the admission control step. 

the transmission bit rate; 

the target signal/noise ratio; 

[0179] The transport formats for the doWnlink are stored 
in a list in order of decreasing bit rate, associated With each 
UE_MC module 12 and de?ned in the con?guration ?le 6. 

[0180] The step of initialiZation of the simulation 101 also 
comprises the folloWing steps executed by the PROP object 
14 and by the NodeB_MC object 13 respectively: 

[0181] calculation of the propagation data, using the infor 
mation retrieved from the terrain database 7; the determin 
istic component of the attenuation associated With each cell 
present in the mobile telephone netWork under examination 
is calculated for each terrain element; 

[0182] con?guration of the common channels for the cells 
controlled by the NodeB_MC object 13; a transmitted poWer 
value, determined according to the con?guration ?le 6, is 
speci?ed for each cell and for each channel; the minimum 
set of common channels used comprises the pilot channel 
CPICH (Common Pilot CHannel), the synchronization 
channel SCH (Synchronization CHannel), and the primary 
control channel P-CCPCH (Primary Common Control 
Physical CHannel). 
[0183] Still With-reference to FIG. 5, each step of event 
based micro-simulation 102 comprises an initialiZation step 
102a including the folloWing steps: 

[0184] Updating of the propagation data by the PROP 
object 14. In detail, the PROP object 14 calculates the 
statistical component of the attenuation associated With each 
cell present in the mobile telephone netWork under exami 
nation for each terrain element. The PROP object 14 then 
adds this statistical component, expressed in logarithmic 
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units, to the deterministic component (also expressed in 
logarithmic units) Which it calculated previously in the step 
of initialiZation of the simulation 101; 

[0185] Calculation of its oWn position by each UE_MC 
object 12. In detail, each UE_MC object 12 calculates its 
oWn position Within the simulation scenario, this position 
being used for the Whole current event-based micro-simu 
lation. The position determination consists in the selection of 
one of the terrain elements belonging to the geographical, 
area under examination, carried out on the basis of the 
predicted traf?c distribution for a given service S associated 
With the UE_MC object 12 in question. Speci?cally, each 
terrain element (m, n) is associated With a selection prob 
ability Prs(m,n) Which, according to the invention, is 
de?ned, for the service S, by the folloWing expression: 

Where the term ts(m,n) denotes the value of the tra?ic for the 
terrain element (m,n) supplied by the traf?c matrix for the 
service S, While the term TS denotes the sum of all the traf?c 
matrix elements of the service S associated, With the terrain 
elements belonging to the area under examination. The 
tra?ic matrices associated With the different services are 
contained in the terrain data database 7 described previously. 
Each UE_MC object 12 also selects the initial transport 
format, for both the uplink and the doWnlink, from the 
available transport formats provided in the con?guration ?le 
6; 

[0186] initialiZation of the data structures used for simu 
lating the radio resource management, carried out by the 
RNC_MC object 11. In detail, the RNC_MC object 11 sets 
the number of active links for each cell to 0, sets the current 
value of the load factor for each cell to 0, sets the poWer 
transmitted by each cell to a value obtained by adding 
together the poWers associated With the common channels, 
and sets the number of codes allocated for each cell to a 
value obtained by adding together the number of codes 
allocated to the common channels only; 

[0187] execution by each UE_MC object 12 of a set of 
procedures for simulating the poWer measurements in the 
common channels carried out by the mobile terminals in the 
UMTS system. In detail, the UE_MC object 12 obtains from 
the RLM module 15 the value of poWer received on the pilot 
channel CPICH associated With each cell in the mobile 
telephone netWork for Which a calculated attenuation value 
exists in relation to the terrain element in Which the UE_MC 
object 12 is located. On the basis of comparative measure 
ments, the UE_MC object 12 determines its oWn “best 
CPICH” cell. The “best CPICH” cell of each UE_MC object 
12 is the cell With Which is associated the highest poWer 
value in respect of the reception of the pilot channel CPICH. 
Speci?cally, if CPICH_RSCPJ- denotes the poWer received 
on the pilot channel by a cell j, the UE_MC object 12 
determines its oWn best CPICH cell by using the folloWing 
knoWn relation: 

CPICHiRSCPkECPICHiRSCPJ 
Where k is the best. CPICH cell, While j varies in such a Way 
as to alloW for the set of poWer measurements made by the 
UE_MC object 12. The UE_MC object 12 also carries out a 
check of a knoWn type on the minimum poWer level 
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CPICH_RSCPk associated With the best CPICH cell. If the 
following relation is true: 

CPICHiRSCPkE SleviCPICH 

the reference to the UE_MC object 12 in question is added 
to the list of mobile terminals to be activated otherWise the 
reference to the UE_MC object 12 in question is added to the 
list of mobile terminals out of service 26, With the note “no 
coverage”. Slev_CPlCH is a characteristic parameter of the 
UE_MC object 12 and is de?ned in the con?guration ?le 6. 

[0188] The UE_MC object 12 also determines its oWn 
“candidate set”, in other Words the set of candidate cells for 
macrodiversity, on the basis of the measures made. This set 
consists of cell k (best CPICH cell) and all cells for Which 
the following knoWn expression is true: 

CPICHiRSCPJ- ECPICHfRSCl?-ASH 

Where CPICH_RSCPJ- denotes the poWer received by the 
UE_MC object 12 in question at the cell j (expressed in 
logarithmic units); RSCPk denotes the poWer received by the 
UE_MC object 12 in question at the best CPICH cell 
(expressed in logarithmic units); and ASH is a radio resource 
management parameter, called the macrodiversity WindoW. 

[0189] The step of initialization, 10211 of the event-based 
micro-simulation also comprises a step of positioning a 
radio resource management event controlled by the simula 
tion engine 10 in the list of events. This event Will subse 
quently be processed by the RNC_MC object 11. 

[0190] Each step of event-based micro-simulation 102 can 
comprise one or more iterative steps of processing radio 
resource management events, Whose sequence is determined 
by the event scheduler module incorporated in the simula 
tion engine 10. For example, each step of event-based 
micro-simulation 102 can comprise (see FIG. 5): 

[0191] a step of processing an admission control event 
103, carried out by the RNC_MC object 11. This admission 
control event comprises the activation, controlled by the 
admission control procedures and/or algorithms, of a set of 
UE_MC objects 12 Which simulate the mobile terminals 
present in the netWork (the criteria for determining this 
group of UE_MC objects Will be described subsequently); 

[0192] a ?rst step of processing a poWer control event 104, 
carried out by the NodeB_MC objects 13 and by the 
UE_MC objects 12 active in step 104; 

[0193] a ?rst step of checking the poWer convergence 
condition 105, carried out by the RNC_MC object 11. If the 
?rst step of checking the poWer convergence condition 105 
has a negative outcome, the simulation engine 10 causes the 
?rst step 104, to be executed. Conversely, if the ?rst step of 
checking the poWer convergence condition 105 has a posi 
tive outcome, the simulation engine 10 causes the execution 
of: 

[0194] a step of processing a congestion control event 106 
carried out by the RNC_MC object 11. During this conges 
tion control event, a subset of active mobile terminals may 
be taken out of service according to the congestion control 
procedures and/or algorithms; 

[0195] a second step of processing a poWer control event 
107, carried out by the NodeB_MC objects 13 and by the 
UE_MC objects 12 active in step 106; 

Jan. 18, 2007 

[0196] a second step of checking the poWer convergence 
condition 108, carried out by the RNC_MC object 11. 

[0197] If the second step of checking the poWer conver 
gence condition 108 has a negative outcome, the simulation 
engine 10 causes the second step 107 to be executed. 
Conversely, if the second step of checking the poWer con 
vergence condition 108 has a positive outcome, the simu 
lation engine 10 causes the execution of: 

[0198] a step of processing an outage control event 109, 
carried out by the RNC_MC object 11. During this step 109, 
a subset of active mobile terminals may be taken out of 
service according to the outage control procedures and/or 
algorithms; 

[0199] a third step of processing a poWer control event 
110, carried out by the NodeB_MC objects 13 and by the 
UE_MC objects 12 active in step 109; 

[0200] a third step of checking the poWer convergence 
condition 111, carried out by the RNC_MC object 11. 

[0201] If the third step of checking the poWer convergence 
condition 111 has a negative outcome, the simulation engine 
10 causes the third step 110 to be executed. Conversely, if 
the third step of checking the poWer convergence condition 
111 has a positive outcome, the simulation engine 10 causes 
the execution of: 

[0202] a step of collecting and processing the statistical 
results 112, Which produces at the output a set of statistical 
results 113, stored in the simulation database 8; 

[0203] a step of checking the attainment of a total number 
of users to be activated 115. This number corresponds to the 
total number of users to be activated NUETOT(s) in the course 
of the simulation for each service S. Speci?cally, this 
number is contained in the con?guration ?le 6 And can, for 
example, be calculated from the traf?c matrices associated 
With each service provided by the mobile telephone netWork 
and stored in the terrain database 7. 

[0204] If the step of checking the attainment of a ?nal 
con?guration of users 115 has a negative outcome, the 
simulation engine 10 causes the execution of the ?rst step 
103, Which activates one or more mobile terminals in 
sequence (providing a neW traf?c distribution), these termi 
nals being added to the number of already active mobile 
terminals. Conversely, if the step of checking the attainment 
of a ?nal con?guration of users 115 has a positive outcome, 
the simulation engine 10 causes the execution of: 

[0205] a step of checking the accuracy of the statistical 
data obtained, 116. 

[0206] If the step of checking the accuracy of the statis 
tical data obtained 116 has a positive outcome, the simula 
tion engine 10 terminates the simulation algorithm 100 
(stop); otherWise the simulation engine 10 causes the execu 
tion of a neW step of event-based micro-simulation 102. 

[0207] In detail, in the step of processing an admission 
control event 103, the RNC_MC object 11 carries out the 
folloWing operations: 

[0208] it determines the number of UE_MC objects 12 to 
be activated for each service according to the current net 
Work conditions. The current netWork conditions are 
described by the system resources map 30 and by the set of 
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radio resource management parameters 48, 49. In particular, 
according to the invention, the RNC_MC object 11 uses the 
following procedure to calculate the number of UE_MC 
objects 12 to be activated: 

[0209] 1) it determines the number of mobile terminals 
already activated in preceding admission control events, in 
the course of the current micro-simulation. For each service, 
this number corresponds to the sum of the number of mobile 
terminals in service NUESERV(s) and the number of mobile 
terminals out of service NUEOUT(s); 

[0210] 2) it extracts from the con?guration ?le 6, for each 
service, a minimum number NUEMIN(s) and a maximum 
number NUEMAX(s) of users, by means of Which it is 
possible to set, respectively, a maximum and a minimum 
limit for the set of UE_MC objects 12 associated With the 
service s to be activated, during the single admission control 
event; 

[0211] 3) it extracts from the con?guration ?le 6 the total 
number of users to be activated NUETOT(s). 

[0212] In particular, the total number of users to be acti 
vated NUETOT(s) in the course of the simulation can be 
calculated, for example, by using the folloWing expression: 

Where TS represents the sum of all the elements of the traf?c 
matrix associated With this service, While y(s) is a netWork 
con?guration parameter contained in the con?guration ?le 6, 
used for determining the total traf?c generated in the course 
of the simulation, With the application of a multiplication 
factor to the reference traf?c associated With the terrain 
database 7; 

[0213] 4) for each cell j, it extracts from the corresponding 
list of Cell Context objects the current value 11(j) of the load 
factor of the uplink and the admission control threshold 
nlim?) for this link; 

[0214] 5) for each cell j, it extracts from the corresponding 
list of Cell Context objects the current value P6) of the 
poWer transmitted in the doWnlink and the poWer threshold 
Plim?) for this link; 

[0215] 6) it calculates the value of the total load indicator 
H for the netWork, according to the folloWing expression: 

Where NCells is the number of cells present in the simulated 
netWork; 

[0216] 7) it calculates the number of users to be activated 
NUESTEP(s), for example by using the folloWing expression: 

, NUEMIN(5) + (1 — H) ' [NUEMAX(5) — Numb/(5)], 
NUESTEP(5) = Im 

NUET0T(5) — NUESERV (5) — NUET0T(5) 

The sequence of the values of NUESTEP(S) is calculated in 
the course of the ?rst event-based micro-simulation and is 
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then stored. In the subsequent event-based micro-simula 
tions, the sequence of values of NUESTEP(s) calculated in the 
?rst event-based micro-simulation is retrieved from the 
store. 

[0217] The RNC_MC object 11 also carries out the further 
operations of: 

[0218] selecting in a random Way, for each service, the 
UE_MC objects 12, numbering NUESTEP(s), to be activated 
from the NUETOT(s) UE_MC objects 12 to be activated; 

[0219] considering the set of cells belonging to the corre 
sponding “candidate set” for each UE_MC object 12; 

[0220] simulating the admission control procedures and/or 
algorithms for each of the cells belonging to the “candidate 
set”. For the UMTS standard, these procedures and/or 
algorithms comprise, for example, the folloWing knoWn 
checks: 

[0221] l) a check of the pilot channel reception quality, 
using the folloWing expression: 

CPICHiRSCPj 
z SqualiCPICH 

RSS1 

Where RSS1 denotes the-total received Wideband poWer in 
the doWnlink, While CPICH_RSCPJ- denotes the poWer 
received in the CPICH channel. Both of these measurements 
are simulated in the second UE_PHY module 17 by inter 
action With the RLM object 15. Squal_SCH is a netWork 
con?guration parameter characteristic of the UE_MC object 
12 and is contained in the con?guration ?le 6; 

[0222] 3) a check, of the load factor of the uplink, using 
the folloWing expression: 

Where 11(j) is the current value of the load factor in the 
uplink, calculated from the noise increase factor, While 
nlim?) is the admission control threshold for the uplink. 
Both of these parameters are taken from the list of Cell 
Context objects for the cell j. A11 represents the load estimate 
associated With the link requested by the mobile terminal 
and is a netWork con?guration parameter characteristic of 
the transport format associated With the UE_MC object 12 
for the uplink. If the check yields a negative outcome for the 
transport format currently assigned to the UE_MC object, 12 
in question, and if a transport format for the uplink having 
a loWer bit rate than the current one has been de?ned for the 
UE_MC object 12 in question, the check of the load factor 
is repeated With the value A11 assumed to be that of the 
transport format having a loWer bit rate. The process is 
iterated until the check yields a positive outcome, or until the 
transport formats de?ned for the UE_MC object 12 in 
question for the uplink have been exhausted. 

[0223] 4) check of the poWer transmitted in the doWnlink, 
using the folloWing expression: 

Where P(j) is the current value of the poWer transmitted in 
the doWnlink by the cell j and Plim?) is the admission control 
threshold for the poWer of the doWnlink. Both of these 
parameters are taken from the list of Cell Context objects for 
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the cell j. Additionally, AP represents the power estimate 
associated With the link requested by the mobile terminal, 
and is a netWork con?guration parameter characteristic of 
the transport format associated With the UE_MC object 12 
for the doWnlink. If the check yields a negative outcome for 
the transport format currently assigned to the UE_MC object 
12 in question, and if a transport format for the doWnlink 
having a loWer bit rate than the current one has been de?ned 
for the UE_MC object 12 in question, the check of the load 
factor is repeated With the value AP assumed to be that of the 
transport format having a loWer bit rate. The process is 
iterated until the check yields a positive outcome, or until the 
transport formats de?ned for the UE_MC object 12 in 
question for the doWnlink have been exhausted. 

[0224] 5) a check of the number of codes allocated in the 
doWnlink, using the folloWing expression: 

NCODO)+HUECOD<NCODMAX(J) 

Where NCODQ) is the current number of codes allocated in 
the doWnlink for the cell j and NCODMAXQ) is the admission 
control threshold relating to the maximum number of avail 
able codes. Both of these parameters are taken from the list 
of Cell Context objects for the cell j. Additionally, nUECOD 
represents the number of codes requested by the service 
associated With the link requested by the UE_MC object 12 
in question. nUECOD is a netWork con?guration parameter 
characteristic of the transport format associated With the 
UE_MC object 12 for the doWnlink. If the check yields a 
negative outcome for the transport format currently assigned 
to the UE_MC object 12 in question, and if a transport 
format for the doWnlink having a loWer bit rate than the 
current one has been de?ned for the UE_MC object 12 in 
question, the check of the load factor is repeated With the 
value nUECOD assumed to be that of the transport format 
having a loWer bit rate. The process is iterated until the 
check yields a positive outcome, or until the transport 
formats de?ned for the UE_MC object 12 in question for the 
doWnlink have been exhausted. 

[0225] The cells for Which all the checks listed above have 
had a positive outcome, for one of the transport formats in 
question, are considered by the RNC_MC object 11 to be in 
macrodiversity mode With the UE_MC object 12 in ques 
tion. The set of cells in macrodiversity mode is denoted by 
the term “active set”. 

[0226] The cells for Which at least one of the checks listed 
above has yielded a negative outcome, for all transport 
formats in question, are not included by the RNC_MC object 
11 in the active set of UE_MC objects 12 in question. In this 
case, for each of these cells, the RNC_MC object 11 inserts 
into the list of blocked links 47 a reference to the UE_MC 
object 12 in question, together With a code Which identi?es 
the check (or set of checks) Whose outcome Was negative. 

[0227] Also during the step of processing an admission 
control event 103, the RNC_MC object 11 carries out the 
further operation of sending messages to the NodeB_MC 
objects 13 and the UE_MC objects 12 in such a Way as to 
create a dedicated channel in the uplink betWeen a trans 
mitter 18 of the UE_MC object 12 and a receiver 24 of the 
NodeB_MC object 13, for each of the cells considered to be 
in macrodiversity mode, and a dedicated channel in the 
doWnlink betWeen a receiver 19 of the UE_MC object 12 
and a transmitter 23 of the NodeB_MC object 13, for each 
of the cells considered to be in macrodiversity mode. 
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[0228] The UE_MC objects 12 for Which the checks have 
been carried out and Which have at least one cell in each of 
their active sets are considered by the RNC_MC object 11 to 
be active terminal mobiles. A reference to these objects is 
inserted by the RNC_MC object 11 into the list of active, 
mobile terminals 60. The RNC_MC object 11 also inserts a 
reference to the UE_MC objects 12 considered to be active 
in each of the lists of reference to active mobile terminals 
contained in the lists of Cell Context objects relating to the 
cells in macrodiversity mode With the UE_MC objects 12, 
considered to be active. 

[0229] The UE_MC object 12 for Which the checks have 
been carried out and Which have no cells in their active sets 
are considered by the RNC_MC object 11 to be terminals out 
of service; a reference to these objects is inserted by the 
RNC_MC object 11 into the list of mobile terminals out of 
service 26, and is associated With the cause “blocked by 
admission control”. 

[0230] The ?rst step of processing a poWer control event 
104 comprises, according, to the invention, the folloWing 
operations carried out by the UE_MC object 12: 

[0231] simulating the procedures of signal/noise ratio 
measurement carried out by the corresponding receiver, by 
interaction With the RLM object 11, for both the uplink and 
the doWnlink; 

[0232] sending a poWer control command, based on the 
measurements made, to all the transmitters connected in 
macrodiversity mode to the receiver in question. 

[0233] Speci?cally, tWo types of poWer control command 
are de?ned: 

[0234] a) an UP command, sent When the measured signal/ 
noise ratio is loWer than the target signal/noise-ratio, de?ned 
for the transport format associated With the link in question; 

[0235] b) a DOWN command, sent When the measured 
signal/noise ratio is higher than the target signal/noise ratio 
de?ned for the transport format associated With the link in 
question. Each transmitter therefore receives one or more 
poWer control commands from the receivers linked to it. On 
the basis of these commands it varies the transmission poWer 
associated With each link, according to the folloWing method 
found in the UMTS speci?cations: 

[0236] a) if it receives at least one DOWN command, it 
decreases the transmission poWer by a value equal to the step 
de?ned for the transport format associated With the link in 
question. If the transmitted poWer value, after application of 
the reduction, is loWer than the minimum value speci?ed for 
the link in question, the transmitted poWer is set to the 
minimum value, calculated by subtracting the value of the 
dynamics of the transmitter in question (the mobile terminal 
end or Node B end) from the maximum value speci?ed for 
the transmitter; 

[0237] b) if all of the commands it receives are of the UP 
type, it increases the transmission poWer by a value equal to 
the step de?ned for the transport format associated With the 
link in question. 

[0238] If a non-Zero value of the poWer control command 
processing delay is speci?ed for the transport format asso 
ciated With the link in question, the poWer variation is not 
carried out during the current poWer control event the 
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command sent by the receiver is stored and processed in one 
of the following poWer control events, selected according to 
the value of the processing delay. 

[0239] For each link, each transmitter also stores, in a 
knoWn type of vector associated With the transmitter, the 
values of transmitted poWer relating to the most recent 
poWer control events. The number of values to be stored is 
set by means of the con?guration ?le In the ?rst step of 
checking the poWer convergence condition 105, each trans 
mitter calculates the maximum (Pmax) and the minimum 
(Pmin) of the poWer values stored in the vector associated 
With the transmitter. Each transmitter then calculates the 
difference betWeen said maximum and minimum values and 
compares it With the amplitude of a convergence WindoW set 
by means of the con?guration ?le 6. If this difference is less 
than the amplitude of the convergence WindoW, the conver 
gence condition for the link in question is achieved. In this 
situation, the transmitter sends a message to the RNC_MC 
object 11. 

[0240] The RNC_MC object 11 monitors, for both the 
uplink and the doWnlink, the number of messages received 
at the end of each ?rst step of checking the poWer control 
convergence condition 105. If the number of messages 
received is greater for each of the tWo links than a threshold 
determined in percentage terms With respect to the total 
number of active transmitters for the link in question, and set 
by means of the con?guration ?le 6, the RNC_MC object 11 
inserts into the queue of events a poWer control event Which 
the simulation engine 10 proceeds to execute, interrupting 
the sequence of poWer control events. Otherwise, the simu 
lation engine 10 causes the execution of a neW poWer control 

event (?rst step 104). 

[0241] In the step of processing a congestion control event 
106, the RNC_MC object 11 simulates the congestion con 
trol procedures and/or algorithms. For the UMTS standard, 
for example, the RNC_MC object 11 carries out the folloW 
ing operations: 
[0242] a check of the load factor in the uplink: 

n0)+An<m;m(j) 

Where 11(j) is the current value of the load factor in the 
uplink, calculated from the noise increase factor, While 
n'hm?) is the congestion control threshold, relative to the 
load, for the uplink. Both of these parameters are taken from 
the list of Cell Context objects for the cell j; 

Where P(j) is the current value of the poWer transmitted in 
the doWnlink by the cell j, While P'1im(j) is the congestion 
control threshold, relative to the poWer, in the doWnlink. 
Both of these parameters are taken from the list of Cell 
Context objects for the cell j. 

[0244] If at least one of the tWo checks yields a negative 
outcome; this means that the cell j in question is in overload 
conditions. In this case, the RNC_MC object 11 selects a 
group of UE_MC objects 12, including active ones, belong 
ing to the service class With less stringent requirements, and 
sends them a message Which informs them of the congestion 
situation, With details of the critical link in terms of the 
congestion (the uplink, the doWnlink or both). The content 
of the group, in other Words the number of mobile terminals 

a check of the poWer transmitted in the doWnlink: 
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Which, make it up, is set by the con?guration ?le 6. When 
each UBE_MC object 12 receives, the message informing it 
of the congestion, it attempts to select a transport format 
having a loWer bit rate than that of the critical link: if this 
transport format is available, it selects it as the neW transport 
format for the link in all the cells belonging to its active set; 
otherWise the UE_MC object 12 removes the congested cell 
from its active set. 

[0245] In this case, the RNC_MC object 11 inserts into the 
list of blocked links 47 a reference to the blocked link, 
together With a code Which identi?es the link Which has 
given rise to the congestion. If the UE_MC object 12 in 
question has no other cells in its active set, it enters the 
out-of-service condition. In this situation, the RNC_MC 
object 11 inserts a reference to this mobile terminal into the 
list of mobile terminals out of service 26 With Which it 
associates the cause “blocking due to congestion control”. 
The mobile terminal is then removed from the list of active 
mobile terminals 60. 

[0246] The second step of processing a poWer control 
event 107 and the second step of checking the poWer 
convergence condition 108 are entirely similar to the ?rst 
steps 104 and 105 described previously. In particular, if the 
second step of checking the poWer convergence condition 
108 has a positive outcome, in other Words if convergence 
is achieved, the RNC_MC object 11 inserts into the queue of 
events an outage control event Which the simulation engine 
10 proceeds to execute, interrupting the sequence of poWer 
control events. If the opposite is true (negative outcome), the 
simulation engine 10 causes the execution of the second step 
107. 

[0247] In the step of processing an outage control event 
109, the RNC_MC object 11 sends to all the active UE_MC 
objects 12 (in other Words those having active sets) a 
message Which triggers, for each UE_MC object 12, the 
outage control procedures and/or algorithms speci?ed by the 
UMTS standard. For the UMTS standard, these procedures 
and/or algorithms require each UE_MC object 12 to carry 
out the folloWing operations: 

[0248] a check that the difference in dB betWeen the 
maximum poWer associated With the UE_MC object 12 in 
question and the poWer transmitted in the uplink is greater 
than a given threshold, set by means of the con?guration ?le 
6; 
[0249] a check that the difference in dB betWeen the 
signal/noise ratio in the doWnlink and the target signal/noise 
ratio speci?ed for the requested service is either positive or 
negative, but smaller in absolute terms than a given thresh 
old, set by means of the con?guration ?le 6. 

[0250] If at least one of the tWo checks yields a negative 
outcome, the UE_MC object 12 attempts to select a transport 
format having a loWer bit rate, in respect of outage, than that 
of the critical link: if this transport format is available, it 
selects it as the neW transport format for all the cells 
belonging to its active set; otherWise it enters the out-of 
service condition. 

[0251] In this case, the RNC_MC object 11 inserts into the 
list of mobile terminals out of service 26 a reference to this 
mobile terminal, associating it With the cause “blocking due 
to outage control”. The mobile terminal is then removed 
from the list of active mobile terminals 60. 








